We investigated the effects of two prominent aromas, lavender and jasmine, on peripheral and cardiac autonomic nervous system activity under stressful conditions, in a highly reproducible manner using an olfactometer. The subjects comprised 17 healthy men aged 20-24 years. In this within-subjects study design, all subjects were required to perform a simple calculation task for 30 min to induce cognitive stress, and aroma from lavender or jasmine essential oil or a control stimulus was inhaled intermittently ( rst 20 s of each 1-min interval) to prevent olfactory fatigue. The control stimulus was provided by triethyl citrate, an odourless solvent. In addition to subjective psychological assessments using a visual analogue scale, the temperature at the tip of the nose and cardiac activity on electrocardiogram were recorded as indices of peripheral and cardiac autonomic nervous system activities, respectively. Signi cant decreases in nose tip temperature and high-frequency (HF) component of heart rate variability (HRV), and a signi cant increase in heart rate were observed under all three conditions. However, compared with the control condition, lavender inhalation induced signi cantly greater decreases in nose tip temperature (p < 0.01) and HF component of HRV (p < 0.01), which indicated greater enhancement of sympathetic nervous system activity and suppression of parasympathetic nervous system activity. On the other hand, lavender inhalation induced a positive mood, less subjective stress, and increased concentration during the task (p < 0.01). These contradictory results of enhanced physiological stress response and lower subjective stress induced by lavender inhalation under stressful conditions suggest that lavender aroma may have effects other than sedation. Further studies are necessary to further clarify these effects.
Introduction
Aromatherapy is one of the major facets of complementary and alternative medicine worldwide. Lavender, the most commonly used aroma in aromatherapy, functions as an effective medicament for neurological disorders [1] , improves task performance [2] , decreases blood pressure [3] and improves sleep quality [4] . On the other hand, jasmine, which is considered a stimulating aroma, induces autonomic arousal, such as enhancement of systolic and diastolic blood pressure [5] .
However, the reported ef cacy of these aromas is inconsistent among studies, with frequently discrepant conclusions. Two recent studies reported that lavender relieved job-related stress among nurses [6] and ameliorated depression, anxiety and stress among pregnant women [7] , whereas another study published in the same year reported no signi cant psychological or physiological effects of lavender aroma inhalation after coronary artery bypass surgery [8] . These studies reported con icting results despite being well-designed, placebo-controlled studies with an adequate sample size (n = 60-141).
The discrepancy in conclusions among studies is frequently attributed to differences in the dose and duration of aroma inhalation. However, because most previous studies used an aroma container or diffuser that emits fragrant vapour at ambient temperatures or a mask-like facial cover impregnated with the aroma to deliver the aroma to subjects, control of the dose and duration of inhalation was practically dif cult. Eventually, possible interference by olfactory fatigue limits the outcomes in such situations.
In this study, we used a proprietary olfactometer that precisely controls the dose and duration of inhalation to evaluate the effects of lavender and jasmine aroma under stressful conditions.
The temperature at the tip of the nose during a task was selected as the primary outcome. The peripheral skin temperature changes with a change in subcutaneous blood ow, and peripheral blood ow is solely controlled by the sympathetic nervous system. Therefore, the skin temperature at the site of interest can be measured as an index of sympathetic nervous system activity [9, 10] . In particular, the temperature at the tip of the nose has been used as an objective measure of psychological stress [11] [12] [13] [14] [15] . To our knowledge, few olfactory studies have assessed skin temperature to estimate peripheral autonomic nervous system activity.
Other outcomes included the heart rate variability (HRV) as an index of cardiac autonomic nervous system activity and subjective outcome assessed using the visual analogue scale (VAS). These parameters were commonly used in previous aroma studies.
In summary, the aim of this study was to investigate the effects of two prominent aromas, lavender and jasmine, on peripheral and cardiac autonomic nervous system activities under stress-ful conditions, in a highly reproducible manner using an olfactometer.
Methods

Subjects
Seventeen male university students with a mean age of 22.1 ± 1.03 years and mean body mass index of 22.3 ± 5.05 kg/m 2 were recruited for this study. All subjects were healthy with a normal olfactory function.
This study was conducted in accordance with the ethical principles of the Helsinki Declaration and after obtaining informed consent from each subject. The study was approved by the ethics committee of Nagaoka University of Technology.
Experimental procedure
The experiment was conducted using a within-subjects design (Fig. 1) . Following a 10-min initial rest period as the initialization period (hereafter denoted as R1), each subject was instructed to perform a 30-min calculation task to induce cognitive stress (denoted as T), followed by a 15-min recovery period (denoted as R2).
The calculation task comprised simple mental calculations similar to those used in the so-called Kraepelin test, in which subjects were required to continuously add single-digit numbers displayed on a computer. All subjects were instructed to perform the task as fast and as accurately as possible. Although the calculations are very simple, the task requires sustained concentration and attention. Therefore, this task is frequently used to induce acute stress in various studies [12, 14, 16] .
Lavender essential oil (French, Takasago International Corporation, Japan) and jasmine essential oil (Moroccan, Takasago International Corporation, Japan) were prepared at 10 wt% with the odourless solvent triethyl citrate (TEC). TEC was also used as the control stimulus in this study. Lavender or jasmine aroma or TEC was intermittently delivered (20 s of each 1-min interval) during the task via a cannula connected to a customised olfactometer (Matsumikagakukeisoku Co. Ltd., Japan) placed under the nostrils. Intermittent delivery prevented olfactory fatigue. During the 40 s followed by 20 s of odor inhalation, there was no air or TEC ow from the olfactometer. The subjects were not given any speci c instructions regarding their breathing cycles throughout the experimental period.
All experiments were conducted in an air-controlled laboratory with a mean temperature of 25.1 ± 0.8 C and humidity of 58.9 ± 6.4%. Each subject performed the task with each of the test and control stimulus on separate days. The sequence of aroma presentation was counter-balanced.
Measurements 2.3.1 Subjective assessment of psychological parameters
The subjects were requested to complete a VAS with seven items: frustration, tension, concentration, monotonous, effort, fatigue, and boredom, at the end of R1, at the end of T, and at the end of R2 (Fig. 1) .
The VAS was a calibrated line with two end points (0 and 100%). The subjects marked on the line the point that represented their perception regarding each of the seven items. Each marking required less than 10 s.
Objective assessment of physiological measures
During each experiment (R1-T-R2), the temperature at the tip of the nose and that at the forehead (reference) were measured using a thermistor probe (ITP082-25, NIKKISO-THERM Co., Ltd., Japan), and recorded using a data logger at a sampling rate of 1.0 Hz.
In addition, an electrocardiogram (ECG) was recorded throughout the experiment (R1-T-R2) using a bio-ampli er (MP150, BIOPAC Systems Inc., USA) at a sampling rate of 200 Hz of and resolution of 16 bit. The ECG data were used to analyse heart rate and HRV, which is a frequency domain of the heartbeat in a time series. The high-frequency component (HF component; 0.15-0.40 Hz) of HRV represents cardiac parasympathetic nervous system activity [17] .
Statistics
Paired t-tests and Wilcoxon signed-rank tests were performed for comparisons of objective and subjective parameters, respectively, within conditions. In case of multiple comparisons among conditions, Bonferroni correction was applied to both tests. The level of statistical signi cance (p) was set at 0.05.
Results
Task performance
There was no difference in the performance of the task, irrespective of the condition, probably because the addition of single-digit numbers was too simple to result in performance differences.
VAS scores
The changes in VAS scores from R1 to T and from T to R2 are shown in Table 1 .
Under the control condition, the VAS scores for frustration, effort, fatigue and boredom were signi cantly higher at T than at R1 (p < 0.001 to < 0.05), indicating that the simple calculation task functioned as a stressor, as reported previously [12, 14, 16] .
With lavender inhalation, the VAS scores for fatigue and boredom remained unchanged at R1 and T, while those for frustration, concentration and effort were higher at T than at R1 (p < 0.001 to < 0.01). With jasmine inhalation, the VAS scores for frustration, effort, fatigue, boredom, concentration and tension were signi cantly higher at T than at R1 (p < 0.001 to < 0.05).
Among the three conditions, the VAS score for concentration 
at T was signi cantly higher with lavender inhalation than with the control stimulus (p < 0.01). No other signi cant differences were observed among the three conditions. Figure 2 shows the changes in temperature at the tip of the nose relative to the temperature at the forehead as reference (de ned as the difference between the nose and forehead temperatures). Note that the raw values are standardised [so-called z-score; mean (μ) and standard deviation (σ) for the population (x) transformed to 0.0 and 1.0 by the formula z = (x − µ) /σ] with respect to each subject and condition because of the large individual variations. The baseline value for each condition, denoted by the mean value obtained at R1, was equalised among the conditions as 0.0. Regardless of the aroma condition, the nose tip temperature was signi cantly lower at T than at R1 (p < 0.001 to < 0.01), and was restored to normal at R2 (p < 0.001 to < 0.05). These changes indicate a typical acute stress response [12, 14] .
Nose tip temperature
The mean nose tip temperature at T was signi cantly lower with lavender inhalation than with control (p < 0.01) or jasmine (p < 0.01) inhalation (Fig. 3) . Similar results were obtained for the temperature at R2 (p < 0.01 vs. control condition and p < 0.05 vs. jasmine condition; Fig. 4) . These results indicate that the decrease in blood ow at the tip of the nose during the task was signi cantly greater under the lavender inhaling condition than under the control and jasmine inhaling conditions. Figure 5a and 5b show the heart rate and the HF component of HRV for the three conditions. The same standardisation and baseline correction procedure used for the nose tip temperature were applied to these data. Regardless of the aroma condition, heart rate was signicantly higher at T than at R1 (p < 0.0001), and was restored to normal at R2 (p < 0.0001). The HF component of HRV was signi cantly lower at T than at R1 (p < 0.001 to < 0.01), while it was restored to normal at R2 (p < 0.001 to < 0.01). These ndings represent a typical acute stress response [14] .
Heart rate and HRV
The mean heart rate at T was signi cantly higher under the jasmine inhaling condition than under the control condition (p < 0.01; Fig. 6 ), indicating increased cardiac activity by jasmine inhalation during the task. Although a trend of higher mean heart rate at T was observed for the lavender condition compared with the control condition, the difference was not statistically signicant (p < 0.10; Fig. 6 ).
The HF component of HRV at T was signi cantly lower under the lavender inhaling condition than under the control condition (p < 0.05), with the decrease induced by lavender inhalation being more prominent in the rst half of the task period (p < 0.01; Fig. 7) . This represents increased suppression of parasympathetic nervous system activity by lavender inhalation during the task.
Discussion
In this study, we investigated the effects of two prominent aromas, lavender and jasmine, on peripheral and cardiac autonomic nervous system activities under stressful conditions, in a highly reproducible manner using an olfactometer. The peripheral and cardiac responses during the task period and the subjective ndings under the control condition collectively indicated that the calculation task employed in this study functioned as an acute stressor. The decrease in peripheral skin temperature during the task, which represents a decrease in blood ow, indicates enhanced peripheral sympathetic nervous system activity; the increase in HR indicates enhanced cardiac sympathetic nervous system activity; and the decrease in the HF component of HRV indicates decreased cardiac parasympathetic nervous system activity. Such hemodynamic change or re-allocation of blood in the body is frequently observed as part of the physiological stress response to acute cognitive stressors and is considered to be an adaptive response, i.e. re-allocation of blood to foster brain functioning for problem solving [18, 19] .
Signi cant decreases in nose tip temperature and HF component of HRV and a signi cant increase in heart rate were observed in all three conditions in this study, although the changes in nose tip temperature and HF component of HRV were more marked in the lavender condition than in the control condition. The lavender aroma has been reported to function as a sedative that activates the parasympathetic nervous system. However, the ndings of this study indicate that lavender aroma inhalation increases stress. heart rate variability (mean ± SEM per 2.5 min).
Fig. 6
Average changes in heart rate during the task (mean ± SEM). 
On the other hand, the results of subjective evaluations, which showed no changes in the VAS score for fatigue and boredom and a higher score for concentration with lavender inhalation, suggest that the enhanced physiological stress response with lavender inhalation may not be a result of greater psychological stress. To our knowledge, few studies have shown such discrepant effects of lavender inhalation on the mind and body. Nevertheless, Field et al. [2] reported improved performance in a calculation task under lavender aroma inhalation, while Heuberger et al. [20] reported improved performance in a cognitive task (vigilance task) under inhalation of lialyl-acetate, a major compound of lavender essential oil. Our ndings seem to be consistent with the ndings of these behavioral studies. Collectively, we can conclude that the lavender aroma may work as a forti er, not a sedative, under stressful conditions by inducing an adaptive response of enhancing blood re-allocation.
The biological mechanism underlying the discrepant effects of lavender inhalation on the mind and body remains unclear. Takahashi et al. [21] used mouse models and reported that lavender inhalation had a bi-directional in uence on the central nervous system of the animals, either attenuating the effects of stress or functioning as a stressor under high or low stress loads. A similar bi-directional ef cacy may exist for humans, depending on the condition. Further biological studies are necessary for a better understanding of these complex effects.
With regard to jasmine inhalation, the increase in HR was greater than that with control inhalation, indicating greater enhancement of sympathetic nervous system activity. However, in contrast to lavender, jasmine did not work positively on the mind. We speculate that the increase in sympathetic nervous system activity with jasmine inhalation may be an extension of the ordinary stress response.
This study is limited by the inclusion of a homogenous study population (male university students), a similar concentration of the jasmine and lavender essential oils (10 wt%) and a task with no variations in the dif culty level. Further studies focusing on these parameters and using a variety of aromas in a similar experimental setting will aid in the further understanding of the bene ts of aromatherapy.
Conclusions
In conclusion, lavender inhalation induced a relatively greater physiological stress response but lower VAS scores for subjective stress-related symptoms under stressful conditions. These results suggest that the lavender aroma may have functions other than sedation.
